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Institute of Cancer, Xingiao Hospital, Army Medical University (Third Military Medical University),
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Background: Non-Small Cell Lung Cancer (NSCLC) patients with low tumor
mutational burden (TMB) showed low sensitive to conventional fractionated
radiotherapy in our previous study. This study aimed to evaluate the efficacy and
safety of hypofractionated radiotherapy (HFRT) in locally advanced NSCLC
patients with low-TMB compared to conventional fractionated
radiotherapy (CFRT).

Methods: We retrospectively analyzed clinical outcomes of 74 locally advanced
NSCLC patients with low-TMB undergoing definitive radiotherapy from January
2017 to July 2023, with 31 patients received HFRT (received radiation doses
of >2Gy and <5 Gy per fraction) and 43 received CFRT (received radiation doses
of 1.8-2 Gy per fraction). Progression-free survival (PFS), overall survival (OS) and
objective response rate (ORR) to radiotherapy was analyzed in the two groups.
Univariate analysis was performed to assess the impact of clinical characteristics
on PFS. We also analyzed PFS in subgroups receiving HFRT or CFRT combined
with immunotherapy and chemotherapy.

Results: Survival analysis revealed the median PFS of 13 months in the HFRT
group was significantly better than the 10 months in the CFRT group (p = 0.024).
The 6-month and 12-month PFS rates were 80.6% and 61.3% for the HFRT group,
versus 81.4% and 39.5% for the CFRT group, respectively. Median OS was 27
months in the HFRT group and 20 months in the CFRT group (p = 0.079). There
were no statistically significant differences in major adverse events between the
HFRT and CFRT groups (all p>0.05). In the subgroup receiving combined
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immunotherapy and chemotherapy, the median PFS was 10 months in the HFRT
group and 9 months in the CFRT group (p = 0.092).

Conclusion: HFRT was superior to CFRT in prolonging PFS for patients with low-
TMB locally advanced NSCLC. It was a safely and effective approach for these
patients and was worth further prospective studies with larger sample sizes.

non-small cell lung cancer, hypofractionated radiotherapy, conventional fractionated
radiotherapy, tumor mutation burden, progression-free survival

Introduction

Lung cancer is now the leading malignancy in both incidence and
mortality worldwide (1). Over the past few decades, its global
incidence has increased dramatically, with rates rising 3.8-fold in
women and 10.3-fold in men. This trend poses a significant threat to
public health (2). Non-small cell lung cancer (NSCLC) accounts for
about 80% of all lung cancer cases. In China, over 75% of NSCLC
patients are diagnosed at an advanced stage, rendering them ineligible
for surgery. These patients tend to have poor outcomes, with high
mortality rates and an overall 5-year survival rate of less than 20% (3,
4). For locally advanced NSCLC, concurrent chemoradiotherapy is
the standard treatment (5). However, 40-50% of patients still
experience local failure or relapse after conventional radiotherapy,
largely due to radioresistance (6). Increasing the radiotherapy dose
could improve local control, but this approach is limited by the
tolerance of surrounding normal tissues. Currently, the uniform
radiotherapy dose does not consider variations in radiosensitivity
among individual tumors (7, 8). Understanding individual
radiosensitivity is crucial. Implementing personalized radiotherapy
could improve both survival outcomes and quality of life for those
with locally advanced NSCLC.

Our previous analysis of The Cancer Genome Atlas (TCGA)
database showed a positive correlation between TMB and survival in
NSCLC patients who had undergone radiotherapy (9). Our work
revealed that radiosensitivity in NSCLC can be stratified based on
TMB levels. Patients with low TMB are less responsive to both
radiotherapy and immunotherapy, representing a significant
treatment challenge. Recent research has focused on optimizing
fractionation schedules to increase the biologically effective dose
(BED). The CALGB 31102 phase I trial indicated good tolerance
for the hypofractionated regimen (10). Kaster et al. (11) summarized
33 studies on hypofractionated radiotherapy in stage III lung cancer
patients from 1990 to 2014, showing a positive correlation between
the 5-year survival rate and the BED. For every 1 Gy increase in BED,
the 5-year survival rate increased by 0.36%-0.70%. Currently,
hypofractionated radiotherapy for locally advanced NSCLC uses a
per-fraction dose slightly higher than conventional schemes, defined
as >2 Gy per fraction. This “moderate” hypofractionation approach
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not only shortens the overall treatment duration and limits tumor
repopulation but also avoids severe late radiation toxicity caused by
overly high doses per fraction (12). This radiotherapy modality might
serve as an effective approach to improve the prognosis of locally
advanced NSCLC patients with low-TMB.

This study retrospectively analyzed the efficacy and safety of
hypofractionated radiotherapy versus conventional fractionated
radiotherapy in locally advanced NSCLC patients with low-TMB,
laying the groundwork for future phase III randomized controlled trials.

Methods
Patient eligibility

We retrospectively collected efficacy and safety data from
patients with stage III NSCLC who received definitive
radiotherapy at the Department of Oncology, Second Affiliated
Hospital of Army Medical University, between January 2017 and
July 2023. The staging of these patients was determined according
to the eighth edition of the American Joint Committee on Cancer
(AJCC) guidelines, using chest and abdominal CT/abdominal
ultrasound, brain MRI, bone scan, or whole-body PET-CT.

Patients included in this study met the following criteria: (1)
age > 18 years with stage III NSCLC confirmed by histopathology,
deemed inoperable, declined surgery, or unsuitable for surgery due
to underlying conditions; (2) all patients underwent genetic testing,
with TMB <16 Muts/Mb (13); (3) CFRT group: received radiation
doses of 1.8-2 Gy per fraction, HFRT group: received radiation
doses of >2Gy and <5 Gy per fraction; (4) Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of 0-2. Patients
previously treated with definitive radiotherapy, or those with other
malignancies or severe comorbidities likely to affect survival, were
excluded from the study.

The included patients were divided into two groups based on
the radiotherapy fractionation schedule: the conventional
fractionation group (dose per fraction 1.8-2 Gy) and the
hypofractionation group (dose per fraction >2 Gy). The registry
followed ethical guidelines for epidemiological research, and the
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study protocol was approved by the Institutional Review Board of
the Second Affiliated Hospital of Army Medical University. In line
with ethical standards for retrospective analyses, all patient data
were anonymized to ensure privacy.

Data collection and response evaluation

Patient data extracted from the system included age, sex,
smoking status, ECOG PS, pathology, genetic testing results,
clinical stage at the start of radiotherapy, radiotherapy dose,
radiotherapy-related side effects, systemic therapies administered
within 6 months before or after radiotherapy, and the time from the
start of radiotherapy to the first progression of the disease.
Progression-free survival (PFS), overall survival (OS), and tumor
response were evaluated. Tumor response was assessed according to
version 1.1 of the Response Evaluation Criteria in Solid
Tumors (RECIST).

Statistical analyses

PES and OS were analyzed using the survminer package in
Windows R version 4.2.2, and survival curves were created with the
Kaplan-Meier method. Group differences in survival rates were
evaluated using the log-rank test. Descriptive statistics were
generated with IBM SPSS Statistics version 27 for Windows, and
comparisons were made using the chi-square test, with additional
validation through Fisher’s exact test. Univariate analysis relied on
the Kaplan-Meier method. All p-values were two-sided, and a p-
value < 0.05 was considered statistically significant.

Results
Cohort characteristics and treatment

Between January 2017 and July 2023, a total of 74 patients were
included in this study(screened from a total of 718 cases), with a
median age of 58 years (range 42-76 years). Among them, 30
patients (40.5%) were aged > 60 years. The cohort included 54
males (73.0%) and 20 females (27.0%). Thirty-three patients
(44.6%) had a smoking index > 400 pack-years. Pathological
types included adenocarcinoma (52.7%) and squamous cell
carcinoma (47.3%). Most patients had a PS of 1, with 63 patients
(85.1%) classified as PS 1 and 11 patients (14.9%) as PS 2. Regarding
tumor staging, 41 patients (55.4%) were stage IIIA, 25 patients
(33.8%) were stage IIIB, and 8 patients (10.8%) were stage IIIC.
Genetic testing was performed in all patients, revealing high PD-L1
expression (>1%) in 22 patients and low PD-L1 expression (<1%) in
52 patients. Additionally, 31 patients (41.9%) received
hypofractionated radiotherapy (HFRT), while 43 patients (58.1%)
received conventional fractionated radiotherapy (CFRT). All
patients underwent systemic therapies administered within 6
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months before or after radiotherapy: 11 patients (35.5%) from the
HFRT group and 12 patients (27.9%) from the CFRT group
received chemotherapy, while 20 patients (64.5%) in the HFRT
group and 31 patients (72.1%) in the CFRT group received both
chemotherapy and immunotherapy. In summary, the baseline
characteristics well balanced except for the smoking index.
Detailed patient characteristics are shown in Table 1.

TABLE 1 Baseline participant characteristics in the overall
patient cohort.

Variable

Age-yr (%) 0.337
Md(range) 59 (42-72) 57 (44-76)

> 60 15 (48.4) 15 (34.9)

<60 16 (51.6) 28 (65.1)

Gender (%) 0.434
Male 21 (67.7) 33 (76.7)

Female 10 (32.3) 10 (23.3)

Smoking Index (%) 0.033
>400 cigs/yr 9 (29.0) 24 (55.8)

<400 cigs/yr 22 (71.0) 19 (44.2)

Pathology Type (%) 0.485
Adenocarcinoma 18 (58.1) 21 (48.8)

Squamous Cell Carcinoma 13 (41.9) 22 (51.2)

PS (%) 0.340
0-1 28 (90.3) 35 (81.4)

2 3(9.7) 8 (18.6)

TNM stage (%) 0.266
IIIA 19 (61.3) 22 (51.2)

IIIB- IIIC 12 (38.7) 21 (48.8)

PD-L1 Expression Levels (%) 0.798
High Expression (=1%) 10 (32.3) 12 (27.9)

Low Expression (<1%) 21 (67.7) 31 (72.1)

Types of Systemic 0.612
Therapies (%)

Chemotherapy 11 (35.5) 12 (27.9)
Chemotherapy 20 (64.5) 31 (72.1)

+ Immunotherapy

Chemotherapy Timing (%) 0.802
Concurrent Chemotherapy 11 (35.5) 13 (30.2)

Sequential Chemotherapy 20 (64.5) 30 (69.8)
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FIGURE 1

Kaplan-Meier survival curves for PFS in the HFRT and CFRT groups.
The median PFS was significantly longer in the HFRT group
compared to the CFRT group (P=0.024). Shaded areas represent
95% confidence intervals. The table below indicates the number of
patients at risk at various time points. PFS, progression-free survival;
HFRT, hypofractionated radiotherapy; CFRT, conventional
fractionated radiotherapy.

Response and survival

This study evaluated the differences in survival outcomes and
treatment efficacy between HFRT and CFRT. Survival analysis
revealed that the median PFS was 13 months in the HFRT group,
which was significantly better than the 10 months in the CFRT
group (P = 0.024). The 6-month and 12-month PES rates were
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FIGURE 2

Kaplan-Meier survival curves for OS in the HFRT and CFRT groups.
The median OS was 20 months for the HFRT group and 15 months
for the CFRT group, with no statistically significant difference
observed (P=0.079). Shaded areas represent 95% confidence
intervals. The table below indicates the number of patients at risk at
various time points. OS, overall survival; HFRT, hypofractionated
radiotherapy; CFRT, conventional fractionated radiotherapy.
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FIGURE 3

The Kaplan-Meier survival curves for PFS in the subgroup receiving
combined immunotherapy and chemotherapy with radiotherapy.
The median PFS was 10 months for the HFRT group and 9 months
for the CFRT group, with no statistically significant difference
observed (P=0.092). Shaded areas represent 95% confidence
intervals. The table below indicates the number of patients at risk at
various time points. PFS, progression-free survival; HFRT,
hypofractionated radiotherapy; CFRT, conventional

fractionated radiotherapy.

TABLE 2 Comparison of treatment response between HFRT and
CFRT groups.

Variable HFRT (%) CFRT (%) P value
No of patients 31 43

Overall response 31 43

Complete response 0 0

Partial response 10 (32.3) 10 (23.3)

Stable disease 18 (58.1) 31 (72.1)

Progressive disease 3(9.6) 2 (4.6)

ORR 10 (32.3) 10 (23.3) 0.434
DCR 28 (90.3) 41 (95.3) 0.644

HFRT, hypofractionated radiotherapy; CFRT, conventional fractionated radiotherapy.

80.6% and 61.3% for the HFRT group, compared to 81.4% and
39.5% for the CFRT group, suggesting that HFRT is superior to
CFRT in delaying disease progression (Figure 1). The median OS
was 27 months in the HFRT group and 20 months in the CFRT
group, with no significant difference between the two groups
(P = 0.079), although the HFRT group showed a trend toward
improved survival (Figure 2). In the subgroup receiving combined
immunotherapy and chemotherapy, the median PFS was 10
months in the HFRT group and 9 months in the CFRT group
(p = 0.092), although the HFRT group showed a trend toward
improved PFS (Figure 3). although it did not reach
statistical significance.
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Regarding radiotherapy response, the objective response rate
(ORR) in the HFRT group was 32.3%, compared to 23.3% in the
CFRT group, with no statistically significant difference observed
(P =0.434). The disease control rate (DCR) was 90.3% in the HFRT
group and 95.3% in the CFRT group, similarly showing no
statistical significance (P = 0.644) (Table 2).

Safety

Table 3 shows the main adverse events in patients who received
HFRT and CFRT. Grade 2 or higher esophagitis occurred in 2
patients in each group (HFRT: 6.5%, CFRT: 4.7%, P = 1.000). Grade
3 or higher pneumonitis was reported in 6 patients from the HFRT
group (19.4%) and 9 patients from the CFRT group (20.9%, P =
1.000). Grade 3 or higher leukopenia was found in 2 patients (6.5%)
in the HFRT group and 4 patients (9.3%) in the CFRT group (P =
1.000). Grade 3 or higher thrombocytopenia was observed in 3
patients (9.7%) in the HFRT group and 2 patients (4.7%) in the
CFRT group (P = 0.644). Only 1 patient in the CFRT group
experienced > grade 3 anemia (2.3%, P = 1.000). Overall, severe
(= grade 3) adverse events were rare during radiotherapy. HFRT did
not increase radiotherapy-related toxicities compared to CFRT in
this study.

Factors affecting progression-free survival
(PFS)

In this study, we found that the HFRT group demonstrated
better efficacy in terms of PFS. Therefore, we subsequently
evaluated the impact of various clinical characteristics on PFES, but
no statistically significant differences were observed. The median
PES was similar across different variables. For age, both patients
aged > 60 years and those aged < 60 years had a median PFS of 11
months (P = 0.929). Regarding gender, the median PFS was 10

TABLE 3 Comparison of adverse events between HFRT and
CFRT groups.

Adverse Grade  HFRT (%) CFRT (%) P value

Events

Esophagitis >2 2 (6.5) 2 (4.7) 1.000
0-1 29 (93.5) 41 (95.3)

Pneumonia >3 6 (19.4) 9 (20.9) 1.000
0-2 25 (80.6) 34 (79.1)

Leukopenia >3 2 (6.5) 4(9.3) 1.000
0-2 29 (93.5) 39 (90.7)

Thrombocytopenia >3 3(9.7) 2 (4.7) 0.644
0-2 28 (90.3) 41 (95.3)

Anemia >3 0 (0) 1(2.3) 1.000
0-2 31 (100) 42 (97.7)

HEFRT, hypofractionated radiotherapy; CFRT, conventional fractionated radiotherapy.
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months for male and 12 months for female (P = 0.648). Smoking
index also showed no significant effect on PES, both patients with >
400 pack-years and those with < 400 pack-years having a median
PES of 11 months (P = 0.989). In terms of pathological type,
adenocarcinoma patients had a median PFS of 12 months, while
squamous cell carcinoma patients had a median PFS of 11 months,
with no statistically significant difference (P = 0.134). For PS,
patients with PS 0-1 had a median PFS of 11 months, while those
with PS 2 had a median PFS of 12 months (P = 0.564). TNM staging
also showed no significant differences, with both stage IIIA and
stage ITIB-IIIC patients having a median PFS of 11 months (P =
0.090) (Figure 1 and Table 4). Since our findings indicated no
statistical significance on OS between HFRT and CFRT, we did not
analyze the impact of various clinical characteristics on OS in
this context.

Discussion

Approximately 20-30% of newly diagnosed NSCLC patients
have stage IIT disease. Stage IIT NSCLC is a highly heterogeneous
group of cancers, characterized by significant variability in tumor
size and lymph node involvement. Patients with stage ITII NSCLC
also vary widely in age and comorbidities, further increasing the
complexity and challenges of treatment. The standard treatment for
stage III NSCLC is concurrent chemoradiotherapy (CCRT)

TABLE 4 Analysis of clinical characteristics’ impact on progression-free
survival (PFS).

Idex Median PFS (month) @ P value
Age (yr) 0.929
> 60 11

<60 11

Gender 0.648
Male 10

Female 12

Smoking Index 0.989
=400 cigs/yr 11

<400 cigs/yr 11

Pathology Type 0.134
Adenocarcinoma 12

Squamous Cell Carcinoma 11

PS 0.564
0-1 11

22 12

TNM stage 0.090
1A 11

IIIB-IIIC 11

PFS, progression-free survival.
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followed by one year of durvalumab maintenance therapy, which
has been shown to provide significant survival benefits (14).
However, our previous research found that NSCLC patients with
low-TMB exhibited reduced sensitivity to both radiotherapy and
immunotherapy. For this subgroup, we believe that targeted
escalation of the biological dose in radiotherapy could be
beneficial. It may improve tumor control rates and enhance
sensitivity to immunotherapy. In this study, we sought to achieve
a higher biological dose by modifying the fractionation schedule.
The therapeutic effectiveness of HFRT (dose > 2 Gy per fraction)
was compared with CFRT in locally advanced NSCLC patients with
low-TMB.

In fact, preclinical and clinical studies have demonstrated that
the doubling time of most cancer cells is less than one week (15, 16).
Prolonging the overall treatment duration may lead to tumor
repopulation and accelerated growth (16, 17). HFRT may be an
effective treatment option, as it can overcome radiation resistance
by reducing the total treatment time (18). Previous studies have
demonstrated that hypofractionated radiotherapy could be a
promising alternative to conventional treatment, with interesting
clinical outcomes. For example, Robinson et al. reported a median
OS of 22.5 months in the hypofractionation group, with 48% of
patients surviving at two years (19). Similarly, Agolli et al. found
favorable survival results in their single-institution retrospective
series, reporting two-year OS and PFS rates of 40% and 33.5%,
respectively, for stage III NSCLC patients (20). However, it remains
unclear whether the use of hypofractionated radiotherapy can
provide survival benefits for the subgroup of patients with low-
TMB, who are generally resistant to radiotherapy. It has been
established through research that deleterious DNA damage
response and repair (DDR) mutations are frequently observed in
NSCLC and are correlated with the heightened levels of tumor-
infiltrating lymphocytes, the enhanced genomic instability, and the
elevated tumor mutation burden TMB within cancer (21). Higher
single-fraction radiotherapy doses can induce more DNA double-
strand breaks, leading to apoptosis or even necrosis, while
minimizing sublethal damage repair. Our study demonstrated
that in the low-TMB subgroup, the median PFS was 13 months
in the HFRT group, significantly longer than the 10 months
observed in the CFRT group (P=0.024). This finding suggests that
HEFRT can significantly extend PES in this subgroup. Although
HEFRT showed a marked advantage in PFS, the difference in OS
between the HFRT and CFRT groups did not reach statistical
significance (P=0.079), likely due to the limited sample size of
this study. Furthermore, the treatment for NSCLC patients
throughout the disease course typically involves multimodal
approaches, including chemotherapy, targeted therapy, and
immunotherapy. The effects of these combined treatments may
partially obscure the impact of radiotherapy on OS. These findings
indicate that while HFRT offers a clear advantage in extending PFS
for locally advanced NSCLC patients with low -TMB, its ultimate
effect on OS requires further validation through longer follow-up
and larger-scale clinical trials.
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The combination of immunotherapy and radiotherapy is a
prominent area of clinical research. Historically, radiotherapy has
been used mainly for local disease control, however, recent advances
in accurate, high-dose ionizing radiation (IR) delivery have not only
improved local tumor control but, in some cases, reduced metastatic
burden. These “abscopal” effects of IR on non-irradiated tumor sites
are thought to be mediated by T cells triggered by tumor antigens,
which migrate to metastatic sites and contribute to tumor
regression (22-25). Moreover, combining IR with immune
checkpoint inhibitors, such as ipilimumab (anti-CTLA-4) and
nivolumab (anti-PD-1), has shown to yield favorable treatment
responses (26-28). These studies suggest that local radiotherapy
induces changes in tumor immune microenvironment, the release
of new antigens, or cell death, which may interact with
immunotherapy. Thus, radiotherapy’s ability to enhance immune
responses provides a promising synergistic approach with potential
substantial clinical benefits. Previous studies have reported that the
low-TMB subgroup is less responsive to immunotherapy, but it is
worth investigating whether hypofractionated radiotherapy could
induce more tumor-related antigens and neoantigens during tumor
cell apoptosis and necrosis, thereby enhancing antitumor immune
effects. In our study, we evaluated patients who received combined
immunotherapy and chemotherapy administered within 6 months
before or after radiotherapy. The results showed a median PFS of 10
months in the HFRT group and 9 months in the CFRT group (p =
0.092). Although no significant difference was observed between the
two groups, a trend toward prolonged PFS with HFRT in low TMB
patients was noted, which may be attributed to the limited sample
size. To further investigate whether HFRT can synergistically
enhance the efficacy of immunotherapy in locally advanced
NSCLC patients with low TMB, future prospective clinical cohort
study with large sample size is warranted.

In the baseline assessment of our study cohort, we found a
significant difference in the smoking index between the HFRT and
CERT groups (P = 0.033). However, univariate analysis showed that
the smoking index did not affect PFS (P = 0.989). We believe this
factor does not impact our overall findings. Our study does have
some limitations: the sample size was small, and the follow-up
period was limited. Additionally, patients received different types of
treatments, which might affect the generalizability and statistical
power of our results. Despite these limitations, our study provides
valuable insights into the use of HFRT for locally advanced NSCLC
patients with low-TMB. HFRT showed significant benefits in
extending PFS in this particular subgroup. Future research should
build on these preliminary findings. We need more rigorous,
prospective, multicenter studies with larger sample sizes to
validate the effects of HFRT on PFS, OS, and quality of life.
Future studies should also explore combining radiotherapy with
other treatments such as chemotherapy, immunotherapy, and
targeted therapy, and evaluate how these combinations impact
PFS and OS. Multimodal treatment has become the standard
approach for NSCLC, but the role of radiotherapy within this
framework still needs further exploration. For patients with
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locally advanced NSCLC, the focus should be on individualized
treatment to maximize PFS and OS while improving quality of life.

In conclusion, this retrospective analysis demonstrated that for
locally advanced NSCLC patients with low-TMB, HFRT had a
significant advantage over CFRT in prolonging PES. This finding
provides a new reference for treating patients for locally advanced
NSCLC with low-TMB. Patients with low -TMB are generally less
responsive to radiotherapy and immunotherapy, but targeted
escalation of the BED of radiotherapy can effectively extend PFS
in this subgroup. Further large-scale prospective studies are needed
to validate these findings.
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